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ABSTRACT: The levels of Hg, Cd, Pb, Cu, Zn and Fe in the whole soft tissues of the 
limpet, Patella caerulea, from the Black Sea coast has been determined by Inductively 
Coupled Plasma – Mass Spectrometer (ICP-MS). Mercury was not detected in P. 
caerulea, and iron is seen to be the most abundant of the metals examined. The results 
showed that the monthly mean levels of all other metal levels in July were lower than 
those in May and June. The heavy metal levels in the limpet P. caerulea are low and 
acceptable levels. The present study confirmed that the limpet P. caerulea is good bio-
indicator for monitoring of metal pollution in the coastal area. 
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INTRODUCTION 
 
The understanding of the bioaccumulation of heavy metals in aquatic organisms is of 
an utmost complexity. This is due to the interpenetration of several parameters which 
influence bioaccumulation such as the physico-chemical characteristics of the 
surroundings waters, the chemical properties of the metals and the biologic factors of the 
organism (Phillips and Rainbow, 1994). Benthic invertebrates are major component of 
the marine ecosystem and play an important task in maintaining ecological balance 
(Rainbow 1990, 1993 and 1995). Benthic organisms are widely used as bio-indicators of 
heavy metals pollution in coastal areas (e.g. Bat and Öztürk, 1997; Bat and Raffaelli, 
1998; Bat et al., 1998a, 1999, 2012 and 2013) because they are known to concentrate 
these elements, providing a time integrated indication and sign of environmental 
contamination (Phillips, 1977 and 1980). Thus, the study of pollution of the marine 
coastal waters and its effects on the ecosystem has become the major concern of several 
researches with an increased attention accorded to the analysis of biological materials 
(Bat et al., 2009). 
The Black Sea waters of Turkey serve important cities and receive, without whole 
treatment, waste waters from many industrial plants (Bakan and Büyükgüngör, 2000). 
The excessive and uncontrolled use of pesticides also contributes to the degradation of 
the Turkish Black Sea water quality (Kurt and Ozkoc, 2004). 
The limpet Patella caerulea Linnaeus, 1758 inhabits broad, rocky shores in the 
coasts of the whole Mediterranean basin including the Black Sea (Çulha and Bat, 2010). 
The true gills are replaced by a row of secondary gills of mantle origin, arranged in a 
semicircle in the rear part of the mantle cavity. It is herbivorous gastropod and capable to 
accumulate heavy metals ingestion from food and inorganic particulate material. This 
type of feeding behavior would provide the most probable pathway for the entrance of 
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particulate inorganic material. It is well known that 
essential and non-essential metals.
Navrot et al. (1974) emphasized that the measurement of metal levels in the living 
tissue of the limpet is pr
pollution of coastal water. In fact, 
indicator species for heavy metals in the Black Sea (Öztürk, 1994; Öztürk 
Bat et al., 1998b) and in the Mediterranean (
Kelepertzis, 2013; Yüzereroglu 
year and easy to collect and have sufficient size for metal analysis and tolerance range for 
different salinities and temperatures.
The purpose of this current study is to establish mean concentration levels for certain 
of essential Fe, Zn, Cu and non
of the limpet P. caerulea from the southern Bl
Fig. 1. Sampling sites from the Sinop peninsula of the Black Sea, Turkey.
 
 
Sampling sites: 
The limpet P. caerulea
by scuba diving from May to July in 2014 in Icliman of the Sinop Peninsula at depth of 1 
m or less (Fig. 1). After captured, they were placed in plastic flasks filled with water of 
the station, then immediately transported to the Fisheries Faculty Department of 
Hydrobiology Laboratory of Sinop University.
 
4(1&2), 2015. 
 
Patella species concentrate both 
 
oposed as a rapid and inexpensive technique for monitoring 
P. caerulea have been found to be suitable bio
et al., 1994; 
Cubadda et al., 2001; Türkmen et al.
et al., 2010). They are sedentary or sessile, available all 
 
-essential Hg, Cd, Pb heavy metals in the soft body tissue 
ack Sea. 
 
MATERIALS AND METHODS 
 were collected from the rocks with the aid of plastic knives 
 
-
, 2005; 
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Sample preparation: 
In the laboratory living specimens were kept in aerated clean seawater in tanks 
(20x20x25 cm) for 24 h to defecate the contents in alimentary canals. A total of 30 
individuals were used and mean size of the samples was 35±5 mm in this study. The soft 
tissues were separated from the shells with a plastic knife and were thoroughly washed in 
distilled deionized water to remove sand partic1es and then homogenized. The samples 
were conserved in sterilized petri dishes, measured and weighed and stored at a 
temperature of -21°C till metal analysis. 
The samples were placed in drying oven at 80°C and allowed to dry to constant 
weight. After reaching a constant weight the samples were again weighed on an 
analytical balance for a dry weight measurement. 
Metal analysis in the soft tissues of the limpet P. caerulea was performed using m-
AOAC 999.10- ICP/MS (Inductively Coupled Plasma – Mass Spectrometer) method by 
accredited ÇEVRE Industrial Analysis Laboratory Services Trade Company (TÜRKAK 
Test TS EN ISO IEC 17025 AB-0364-T). EN 15763 European Standard methods was 
applied. The results are expressed in mg/kg of dry weight. 
 
RESULTS AND DISCUSSION 
 
The overall mean values for each of the six metals in P. caerulea were given in 
Figure 2. Hg was below the detection limit (<0.05 mg / kg) in all months. The results 
showed that the monthly mean levels of all other metal levels in July were lower than 
those in May and June. Fe levels are consistently higher in June than those in May and 
July. 
 
Fig. 2. The means with standard deviations (vertical line) of heavy metal levels in the 
limpet Patella caerulea from Sinop coasts of the Black Sea in 2014. The same 
letters upper the vertical bars in each graph indicate the values are not 
significantly different (p>0.05). 
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Since Fe, Zn and Cu are essential metals, especially with regard to many enzymatic 
reactions it is possible that this metal uptake is associated with metabolic activity. In this 
study Fe concentrations in P. caerulea were the highest metal followed Zn and Cu 
(Figure 2). Biological factors such as feeding habits, metabolic rate, growth rate, 
nutritional status of the element and surface area of biomass and also physical factors as 
temperature can effect of accumulation of the metals. Yüzereroglu et al. (2010) found 
high levels of Cd, Cu, Zn, Fe, Pb, Ni, and Co in the limpet P. caerulea in the Iskenderun 
Gulf during the winter and spring months. 
Newly, Bat (2014) reviewed that only a few studies carried out the levels of heavy 
metal in the limpet P. caerulea in the Turkish coast of the Black Sea. Öztürk (1994) 
conducted to determine heavy metals in P. caerulea at the Sinop Peninsula in the Black 
Sea and followed by Öztürk et al. (1994) and Bat et al. (1998b). In this review, Bat 
(2014) has pointed out that the concentrations of metals found in the limpet would appear 
to be lower, in general, than those found in mussel or sea snail from the study area in the 
southern Black Sea. 
Table 1 compares the results of the selected heavy metals (Hg, Cd, Pb, Cu, Zn and 
Fe) in Patella spp. from different geographical areas in Mediterranean basin. When we 
convert the dry wt. to wet wt. and compare Cu, Zn and Fe levels in P. caerulea from 
Sinop coast were similar to those levels in studies by Öztürk (1994), Öztürk et al. (1994) 
and Bat et al. (1998b). The levels of Cd, Pb and Cu in this study were greatly lower than 
those in all other studies as describe in (Table 1). However, essential metals Zn and Fe 
levels in the present study were similar to other studies and these results are in 
concordance with those of the literature (Table 1). 
It is known that limpets are remarkable consumed in some countries of the Black Sea 
coasts (Çulha and Bat, 2010) and in many Mediterranean countries (Tüzen et al., 2005). 
Overall, the findings from the present study revealed that Hg, Cd, Pb, Cu, Zn and Fe 
concentrations in the limpet P. caerulea from Sinop coast were lower than the maximum 
permissible limit as recommended by the Commission Regulation (EC, 2006) and 
Turkish Food Codex (Anonymous, 2008). 
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